Abstract Aims/hypothesis: We hypothesised that loss of peripheral fat in HIV patients would result in decreased plasma adipocytokines, in particular adiponectin, and that this decrease would be associated with changes in VLDL, IDL and LDL apolipoprotein B kinetics. Methods: Plasma adiponectin, leptin and other cytokines were measured in uninfected control subjects (n=12) and three HIV-positive groups comprising treatment-naïve patients (n=15) and patients on triple antiretroviral therapy containing protease inhibitors (PI, n=15) or non-nucleoside reverse transcriptase inhibitors (NNRTI, n=25 In a linear regression model that included HOMA, adiponectin was an independent predictor of VLDL and HDL-cholesterol levels and the IDL fractional clearance rate. TNF was higher in treatment-naive and PI subjects, and soluble TNF receptor superfamily, members 1A and 1B (previously known as TNF receptors 1 and 2) was higher in PI patients than in control subjects (p<0.05). Conclusions/interpretation: Adiponectin levels are significantly reduced in treated and untreated HIV patients and are predictive of VLDL and IDL apolipoprotein B fractional clearance rates. Adiponectin may have a direct effect on lipoprotein metabolism, which may be independent of insulin.
was measured with a dual energy X-ray absorptiometry scan. Insulin resistance was calculated using homeostasis model assessment (HOMA). Results: Adiponectin (median [interquartile range]) was reduced in the treatmentnaive (5.4 μg/ml [4.7-8.5]), PI (5.0 μg/ml [3.3-6.4] ) and NNRTI (5.0 μg/ml [3. 1-6.7] ) groups compared with controls (9.7 μg/ml [6.9-13.3]) (p<0.05). In all subjects adiponectin correlated positively with HDL-cholesterol levels, the VLDL, IDL and LDL apolipoprotein B fractional clearance rates, and with the limb fat:lean body mass ratio (all p<0.01). Adiponectin correlated negatively with plasma triglyceride levels and HOMA (p<0.001).
In a linear regression model that included HOMA, adiponectin was an independent predictor of VLDL and HDL-cholesterol levels and the IDL fractional clearance rate. TNF was higher in treatment-naive and PI subjects, and soluble TNF receptor superfamily, members 1A and 1B (previously known as TNF receptors 1 and 2) was higher in PI patients than in control subjects (p<0.05). Conclusions/interpretation: Adiponectin levels are significantly reduced in treated and untreated HIV patients and are predictive of VLDL and IDL apolipoprotein B fractional clearance rates. Adiponectin may have a direct effect on lipoprotein metabolism, which may be independent of insulin.
Introduction
The adipocyte is an active endocrine secretory cell producing several cytokines with possible important metabolic regulatory activities, both locally and at other body sites [1] . Loss of peripheral fat may alter the secretion of adipocytokines with consequent metabolic effects [2] . The most abundant gene transcript within the adipocyte is adiponectin, plasma concentrations of which correlate strongly with insulin sensitivity [3] . The presence of different adiponectinsensitive receptors in liver and skeletal muscles has been demonstrated [4] , suggesting adiponectin may have a role in controlling metabolism in these tissues. Hypertriglyceridaemia and low HDL-cholesterol concentrations in women are associated with low adiponectin concentrations [5] , while in obese subjects a correlation between adiponectin and VLDL apolipoprotein B-100 (apoB) fractional clearance rate (FCR) has been demonstrated [6] . In mice administration of adiponectin has been shown to reduce dyslipidaemia induced by the protease inhibitor ritonavir [7] .
We recently demonstrated in HIV patients a significant reduction in VLDL, IDL and LDL apoB fractional catabolic rates [8, 9] , which was inversely related to peripheral fat. The underlying cause for the altered lipid metabolism and consequent dyslipidaemia may be loss of peripheral fat, but the mechanism is not understood.
Subjects and methods

Subjects
We performed a cross-sectional study on 67 subjects who were HIV-positive (n=55) or presumed HIV-negative (control subjects; n=12). The HIV-positive subjects were either treatment-naïve (n=15) or had been taking two nucleoside analogues plus either a protease inhibitor (PI, n=15) or a non-nucleoside reverse transcriptase inhibitor (NNRTI, n=25) for between 1 and 6 years. None of the subjects was infected with hepatitis C virus. Exclusion criteria were: fasting glucose >6.0 mmol/l; treatment with glucocorticoids and/or any drugs that affect lipid metabolism; hypothyroidism; creatinine >150 mmol/l; alanine aminotransferase and aspartate aminotransferase >five times upper limit of normal; anaemia; and >10% loss in body weight in the preceding 6 months. The study had ethical committee approval and all subjects gave written informed consent.
Experimental protocol VLDL, IDL and LDL enrichment, apoB concentration and lipid composition were measured following an infusion of [1− 13 C] leucine after an overnight fast as described previously [8, 9] . Body fat distribution was measured by whole-body dual energy X-ray absorptiometry scan and expressed in terms of lean body mass (LBM). Only four patients had clinical evidence of lipodystrophy, one on PI, three on NNRTI, and none in the treatment-naive group. Four had received statins (two each in the PI and NNRTI groups), which were stopped 6 weeks before testing, so at the time of testing subjects were not on lipid-lowering drugs.
Assay methods
The enrichment and concentration of VLDL, IDL and LDL apoB, the lipid composition of VLDL, IDL and LDL, and plasma concentrations of NEFA, insulin and glucose were measured as described previously [8, 9] . Plasma adiponectin and leptin were measured by radioimmunoassay kits (Linco Research, St Louis, MO, USA). Cytokine levels were measured in a multiplex bead sandwich immunoassay (Bioscource International, Camarillo, CA, USA) on a Luminex 100 (Bio-Rad Laboratories, Hemel Hempstead, UK), according to the manufacturer's instructions.
Data analysis
Insulin resistance was calculated by the homeostasis model assessment (HOMA IR ). The FCR and absolute secretion 
Results
Subject demographics, and VLDL, IDL and LDL kinetics and composition have been previously described [8, 9] . Limb fat was significantly lower in the two treatment groups, while trunk fat was similar among all the groups (Table 1) . Adiponectin was lower in all HIV patients, including treatment-naive patients, than in control subjects (p<0.05), but was not different between the three HIV groups (Table 1) . Leptin levels were lower in the NNRTI group than in control subjects (p<0.05). TNFRSF1A and TNFR SF1B were higher in PI-treated patients than in control subjects. TNFRSF1B was also higher in TN and NNRTI-treated patients than in control subjects (p<0.05, Table 1 ). TNF was higher in treatment-naive patients than in control subjects and in the NNRTI group (p<0.05) and also higher in the PI group than in control subjects (p<0.05). IL1β, IL6, IL10 and IL12p70 are not shown as they were below the detection limit of the assay for most samples. There was a negative correlation of adiponectin with HOMA (r s =−0.43, p<0.001) and positive correlation with limb fat/LBM (r s =0.6, p<0.001, Fig. 1a) but not with trunk fat/LBM. Leptin correlated with total fat/LBM (r s =0.87, p<0.001) and limb fat/LBM (r s =0.79, p<0.001). HOMA correlated with trunk fat/LBM (r s =0.39, p=0.002) but not with limb fat/LBM or total fat/LBM. Adiponectin was lower in patients with dyslipidaemia (cholesterol ≥6 mmol/l and/or triglyceride ≥2.3 mmol/l) than in those without (3.3 μg/ml [2.4-5.1] (n=14) vs 5.4 μg/ml [4.7-7.9], p=0.01, n=40), but there was no significant difference in leptin, HOMA or regional body fat changes.
Adiponectin correlated positively with HDL-cholesterol (r s =0.57, p<0.001), VLDL apoB FCR (r s =0.47, p<0.001, Fig. 1b) , IDL apoB FCR (r s =0.5, p<0.001, Fig. 1c In a linear regression model, adiponectin predicted VLDL and IDL apoB FCR (p=0.012, p<0.001, respectively) and HDL-cholesterol (p<0.001), and negatively predicted VLDL triglyceride (p=0.004), IDL-cholesterol: apoB ratio (p=0.025), and total triglyceride (p<0.001). HOMA predicted LDL apoB pool size (p=0.04) and total triglyceride (p=0.001) and negatively predicted IDL and LDL ASR (p=0.02 and p=0.006, respectively). Leptin predicted VLDL-cholesterol (p<0.001) and IDL-cholesterol: apoB ratio (p<0.001). Soluble TNFRSF1A predicted VLDL and IDL apoB concentration (p=0.017 and p=0.007, respectively), IDL-cholesterol (p=0.001), VLDL and IDL apoB pool size (p=0.028 and p=0.007, respectively), as well as total cholesterol and triglyceride (p=0.001). It negatively predicted VLDL and LDL FCR and LDL ASR (p=0.01, p<0.001 and p=0.03, respectively). Soluble TNFRSF1B predicted VLDL-cholesterol (p=0.03), LDL-cholesterol and triglyceride levels (p=0.002 and p=0.025, respectively), as well as the LDL apoB pool size and concentration (p<0.001 and p=0.001, respectively). It negatively predicted the LDL FCR (p=0.004). TNF negatively predicted HDL-cholesterol (p=0.002). IL8 predicted LDL triglyceride (p<0.025).
Discussion
This study shows that, in comparison with HIV-negative control subjects, both HIV-infected patients taking antiretroviral medication containing PI or NNRTI and treatment-naïve HIV patients show a significant reduction in adiponectin. A correlation was found between adiponectin and limb fat loss and also with VLDL, IDL and LDL apoB FCR. Although adiponectin levels correlated inversely with insulin resistance as measured by HOMA, adiponectin in a linear regression model that included HOMA was an independent predictor of VLDL and IDL FCR, and of HDL-cholesterol levels. Interestingly, soluble TNFRSF1A also predicted VLDL FCR, apoB pool size and concentration, as well as total cholesterol and triglyceride, while TNFRSF1B predicted LDL FCR, LDL apoB pool size and concentration, plus cholesterol and triglyceride content.
The decrease in adiponectin in HIV patients in the present study is consistent with previous studies of HIV patients with lipodystrophy [3] , although to our knowledge reduced adiponectin levels have not been previously reported in treatment-naïve HIV patients. Interestingly, there was no evidence of lipodystrophy in the treatmentnaïve group. It has been suggested that low adiponectin levels may lead to insulin resistance and that insulin resistance may cause the abnormalities in lipid metabolism in HIV lipodystrophy [3] . However, we were unable to demonstrate a significant change in insulin resistance, as measured by HOMA, in any of the treatment groups. Moreover, although HOMA correlated with IDL and LDL apoB ASR, it did not correlate with VLDL or IDL apoB FCR, even when adiponectin was removed from the regression model. Leptin levels, which correlated closely with limb and trunk fat/LBM, did not correlate with VLDL, IDL or LDL apoB FCR. Adiponectin levels were significantly lower in the dyslipidaemic patients than in patients with normal lipid levels, whereas HOMA and leptin levels were not different. Our results suggest that adiponectin could play a role in VLDL, IDL and LDL metabolism, and that its role could be independent of insulin action.
Adiponectin levels were associated with a loss of limb fat, while insulin resistance was associated with an increase in trunk fat. Atrophic adipose tissue contains poorly developed adipocytes and a marked alteration in gene expression [10] . It is likely that lipoatrophy leads to reduced gene expression of adiponectin. Since VLDL, IDL and LDL apoB FCRs correlate with limb fat, this suggests that the primary abnormality is lipodystrophy. In a previous study from Sutinen et al. [11] , lipodystrophic HIV patients had peripheral lipoatrophy, but more intra-abdominal fat and liver fat than HIV patients without lipodystrophy and than HIV-negative controls, while BMI remained the same. A direct negative correlation between hepatic steatosis and plasma adiponectin concentration was shown in another study [12] . We are unable to comment on intra-abdominal fat accumulation in our study, as this was not measured separately. It is possible that low adiponectin may lead to increased liver fat and that this may affect VLDL and IDL FCRs. Reduced plasma adiponectin may lead to reduced clearance of VLDL and IDL apoB by inhibiting lipoprotein lipase and hepatic lipase. Lipoprotein lipase mRNA has also been shown to be lower in HIV patients with lipodystrophy than in patients without lipodystrophy [13] , suggesting that regulation may be at the level of transcription. In a transgenic mouse with chronically elevated adiponectin, lipoprotein lipase has been shown to be increased [14] . The prolonged residence time of apoBcontaining lipoproteins will allow exchange of triglyceride for cholesterol esters with HDL. This would increase clearance, providing a mechanism for the reduced HDL-cholesterol seen in both treatment-naïve patients and in those on antiretroviral therapy, thus possibly explaining the strong correlation between adiponectin with HDL-cholesterol.
